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(57) Abstract 

Cryosurgical apparatus, for example, a probe (10) is described which produces cooling by vaporization of a liquid cryogen, such as 
a liquid nitrogen. Means (40) are located adjacent to the cooling region of the probe to define a tortuous flow path for the cryogen to, 
through, or from, the cooling region, in order to improve the thermal efficiency of the .probe. In one form, the means (40) consists of a 
wire wound into a spring shape to define a helical path between concentric conduits (22, 24) defining inlet and exhaust passages (26 and 
28) for the cryogenic fluid. 
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CRYOSURGICAL APPARATUS 

This invention relates to cryosurgical apparatus for producing cryogenic cooling 
by vaporization of a liquid cryogen, such as liquid nitrogen. The invention is particularly 
5 suitable for probe apparatus including a cooled tip region, but the invention is not limited 
exclusively to such apparatus. 

Many different designs of cryosurgical probe have been proposed to generate 
cooling at a boiling region at, or adjacent to, a tip of the probe. For example, reference is 
made to GB-A-22894I2, GB-A-22894I3, GB-A-2289414, and GB-A-2289510, which 
1 0 illustrate a probe employing a so-called heatsink device arranged adjacent to the boiling 
region, and in intimate contact with the tip casing. The heatsink device consists of a 
lobed insert defining parallel axial exhaust paths through which the cryogen is channeled 
as it leaves the boiling region, to improve the thermal efficiency of the probe. 

In contrast to prior designs, one- aspect of the present invention is to guide the 
1 5 cryogen along a tortuous cryogen flow path at or adjacent to the cooling region. 

The term "tortuous" is used herein in a very broad sense to mean that the flow 
path is generally longer than the linear (and/or longitudinal) dimension of the means 
defming the tortuous path. With such a tortuous path, the cryogen flow will not be purely 
in a single linear direction as the cryogen flows through the means defining the tortuous 
20 path. 

The use of such a tortuous flow path can unprove the thermal efficiency of the 
apparatus by increasing the path length through the cooling region, and thus increase the 
length of time that the cryogen spends at, or adjacent to, the cooling region. Furthermore, 
the contact area with the cryogen will generally be greater than an alternative arrangement 
25 employing a non-tortuous path, to promote greater thermal coupling between the cryogen 
and the surrounding walls defining the flow path. 

The tortuous path may be at the boiling region itself, or it may be immediately 
upstream and/or immediately downstream of the boiling region, forming a part of the feed 
into, or the exhaust fix>m, the boiling region. 
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Preferably, the tortuous path is predetermined or is predeterminable. In other 
words, the tortuous path is well defined, rather than being a random path through a 
porous medium. This can provide better control of the fluid flow, and predictable cooling 
behavior. 

5 A single tortuous path may be provided, or a plurality of tortuous paths may be 

provided along side, or "in parallel" with, each other. In the latter case, it is preferred that 
the number of such paths "in parallel" with each other is less than about 20, more 
preferably less than about 15, more preferably less than 10, more preferably less than 5, 
more preferably less than 4, and more preferably less than 3. 
10 The effect of a tortuous flow path is to concentrate, at least to some extent, the 

cooling cryogenic effect in the region of the means defining the tortuous path. This effect 
can be used to control, in a unique maimer: 

(a) the position on the probe at which the iceball will grow, in use; and 

(b) the shape of the iceball (for example, if a non-spherical iceball is desired). 

1 5 Preferably, the tortuous path is in intimate contact with an external wall portiori of 

the cooling region of the apparatus. This can provide optimum thermal coupling between 
the ctyogen flow path and the external cooling surface of the apparatus. 

Preferably, the tortuous path is defined by one or more surfaces or walls of heat 
conductive material. 

20 The tortuous path may be defined by one or more labyrinth walls, or by one or 

more baflfles. However, in a particularly prefened embodiment, the tortuous path is 
defining by a helical wall. In one form> the helical wall may comprise a strip, or wire, 
which is wound around an iimer carrier. The inner carrier preferably is one of a plurality 
of concentric conduits for feeding cryogen to, and exhausting cryogen fi-om, the boiling 

25 region, the helical strip or wire being received between the two conduits for defining a 
helical path in the outer of the concentric flow paths. In an alternative form, the helical 
wall may be defined by a helical fin fitted to, or integrally formed with, one of the inner 
and outer conduits. 

In a closely related aspect, the invention provides a cryosurgical probe comprising 
30 a probe tip, a boiling region at or adjacent to the probe tip for generating cooling by 
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vaporization of liquid cryogen supplied through the tip, and means located at or adjacent 
to the tip for defining a non-axial flow path, the flow path having a path length greater 
than the axial length of said means. The term "non-axial" is used herein broadly to mean 
that the flow path past or through said means includes at least one component in a 
5 direction other than the axial direction (i.e. the flow path direction is not purely axial). 

In a further closely related aspect, the invention provides cryosurgical apparatus 
comprising a cooling region which, in use, is cooled by vaporization of liquid cryogen, 
and means located at or adjacent to the cooling region and defming a substantially helical 
cryogen flow path. 

10 In a further aspect, the invention provides cryosurgical apparatus comprising a 

cooling region which, in use, is cooled by vaporization of liquid cryogen, and means 
located at or adjacent to the cooling region and defining a tortuous flow path for 
cryogenic fluid, such that, in use, the apparatus creates a non-spherical iceball shape. 
Preferably, the iceball is elongate and/or at least partly concave. 

15 In a further aspect, the invention provides cryosurgical apparatus comprising a 

cooling region which, in use, is cooled by vaporization of liquid cryogen, and means 
located at or adjacent to the coolmg region and defining a tortuous flow path for 
cryogenic fluid, such that, in use, the position of the iceball is defined by the position in 
the apparatus of said means defining the tortuous flow path. 

20 In a further aspect, the invention provides cryosurgical apparatus comprising a 

cooling region which, in use, is cooled by vaporization of liquid cryogen, and means 
located at or adjacent to the cooling region and defining a tortuous flow path, the amoimt 
of tortuosity varying and being dependent on the position in the cooling region. In one 
form, the tortuosity varies (abruptly) from a maximum at one position to a minimum 

2 5 (zero) at a second position. 

Embodiments of the invention are now described, by way of example only, with 
reference to the accompanying drawings, in which: 

Fig. 1 is a schematic cross-section through a first embodiment cryosurgical probe; 
Fig. 2 is a schematic view illustrating the construction of the helical path at the 

30 tip; 
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Fig. 3 is a schematic view illustrating an alternative construction of helical path; 
Fig. 4 is a schematic view illustrating a further alternative construction of helical 

path; 

Fig. 5 is a schematic cross-section through the tip of a second embodiment of 

5 probe; 

Figs. 6a-6d illustrate how the position of the iceball can be controlled according to 
the design of the probe; 

Figs. 7a-7d illustrate how the shape of iceball can be controlled according to the 
design of the probe; 

1 0 Fig. 8 illustrates an alternative member for defming a helical flow path; and 

Fig. 9 is a schematic view illustrating an alternative tortuous flow path. 
Referring to Figs. 1 and 2, a cryosurgical probe 10 comprises a handle portion 12, 
a stem portion 14, and a tip portion 16. In the present embodiment, liquid cryogen, for 
example, liquid nitrogen, is supplied to the probe handle 12 through an inlet port 18, and 

1 5 exhaust cryogen leaves the probe handle 12 through an exhaust port 20. 

The stem includes first and second concentric conduits 22 and 24 defining an 
inner passage 26 and an outer passage 28 extending between the handle 12 and the probe 
tip 16. In the present embodiment, the outer passage 28 provides a cryogen inlet path for 
delivery of cryogen liquid to the probe tip; the inner passage 26 provides an exhaust 

20 passage for removal of exhaust cryogenic fluid from the tip region 16. 

The iimer conduit 22 extends from the probe tip 16 to the exhaust port 20 to 
provide a direct path for exhaust cryogenic fluid. The outer conduit 24 extends jfrom the 
probe tip 16 into the handle 14 to a first outlet of a transfer chamber 30. The transfer 
chamber has an inlet 32 coupled to the cryogen inlet port 18, and a second outlet 34 

25 coupled to a bypass exhaust port 36. The purpose of the transfer chamber 30, and of the 
bypass path, is similar to that described in the above-mentioned GB patent publications. 
As the probe 10 initially cools vAien liquid nitrogen is first introduced into the probe at 
the start of a procedure, there vrill be a substantial amount of evaporation of the cryogenic 
liquid in the inlet passages. This results in a large amount of exhaust gas bemg generated 

30 upstream of the tip, at least until the probe has cooled to near cryogenic temperatures. 
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(Once the low temperatures have been reached, then the amount of evaporation upstream 
of the tip will be reduced to normal levels.) During the initial cooling stage, the transfer 
chamber serves to enable the gas in the inlet passages to vent away through the bypass 
port 36. This improves the flow of liquid reaching the tip 16, and allows rapid "cool 
5 down" of the probe tip. 

In the present embodiment, the difference in the diameters of the confronting 
surfaces of the inner and outer conduits 22 and 24 is typically of the order of 1 mm or 
less. For example, the total diametric spacing may be about 0.5 mm. This means that the 
cross-sectional area of the inlet passage 28 in the stem 14 is relatively small. It will be 

1 0 appreciated that the flow of liquid into such a narrow region could be severely disrupted 
by the presence of gas if the bypass port 36 were not provided. However, the provision of 
the bypass port 36, and the design of the transfer chamber 30 promote separation and 
venting of the gas from the main flow of cryogenic liquid. 

At a position adjacent to the tip 16, a helical guide 40 is located between the inner . 

1 5 and outer conduits 22 and 24, to defme a helical entry path into the tip region. Such a 
helical path is an example of a tortuous path which functions to increase the thermal 
eflBciency of the probe for the following reasons: 

• (a) the cryogenic liquid spends a greater amoimt of time in the tip region, thus 
providing longer for the cxyogenic liquid to boil and to transfer its cooling energy to the 

20 tip; 

(b) the guide 40 provides additional surface area for heat transfer at the tip 
region, to allow better thermal coupling between the tip and the cryogenic fluid; 

(c) the tortuous path introduces swirling, or turbulent flow, thereby increasing 
thermal contact between the liquid and the surrounding tip. 

25 Referring to Fig. 2, m the present embodiment, the guide 40 is formed from metal 

wire, for example* stainless steel wfre or aluminum wke, wound into a spring shape 42. 
The spring shape 42 is mounted over the end of the inner conduit 22, and can be secured 
m position by any suitable means, for example, by welding. 

The wire is dimensioned so that the guide 40 will be in intimate contact with both 

30 the inner conduit 22 and the outer conduit 24 when the probe is assembled. The wire may 
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also provide acconunodation of tolerance variations by being able to be squeezed, to 
some extent, between the inner and outer conduits. Such a construction of the guide 40 is 
extremely simple and cheap, and can be fitted to existing probe designs without requking 
major re-designing of the probes. 
5 In tests, the effect of the guide 40 has been observed. It has been found that the 

guide does improve (reduce) the cool down time of the probe noticeably. Also, in 
contrast to many existing probes, virtually no liquid was returned in the exhaust path. 
This indicates that the guide 40 provides extremely good thermal coupling between the 
ciyogenic liquid, and the tip material. 

1 0 The effect of the guide 40 was also observed by changing the position and length 

of the guide along the stem 14. It has been found that the guide 40 effectively 
concentrates the cooling region of the probe. This can enable the cooling region to be 
engineered more precisely to suit particular applications. 

For example, Figs. 6a-6d illustrate how, in use, the position of the frozen iceball 

15 60 can be controlled by the position in the probe of the helical guide (shown 
schematically at . 40). If the helical guide 40 is moved away from the tip, the iceball is 
centered about a position which also moves back from the tip (Figs. 6b and 6c). ' 
Similarly, if the helical guide 40 is moved towards the tip, the iceball center moves 
correspondingly forward (fig. 6d). 

20 The iceball position shown in Fig. 6c is especially significant and useful, because 

the frozen region extends exactly up to, but not beyond, the tip of the probe. This means 
that the probe tip can be used to precisely position the probe by advancing it to bear 
against, for example, a known organ, or knovyn internal tissue, without freezing that 
tissue. 

25 Figs. 7a-7d illustrate how the shape of the frozen iceball 60 can be controlled by 

the length and configuration of the helical guide 40. For example, Figs. 7a and 7b 
illustrate the variation in iceball length for different lengths of helical guide 40. 

Fig. 7c illustrates how a waisted iceball region 60 can be created by using first and 
second helical guides 40 and 40 spaced apart to defme two "focii" of freezing. The 

30 amount of cooling generated in the region 62 between the helical guides 40 is smaller 
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than the amount of cooling at each guide 40, and this leads to a waisted shape, or at least 
a shape which includes a generally non-convex region. The shape has an axis of 
rotational symmetry, corresponding to the probe axis. 

Figs. 7d illustrates an alternative helical guide arrangement for producing a 
5 waisted frozen iceball 60. In this arrangement, a single helical guide 40 is employed, but 
having a varying pitch. The pitch is closely spaced at the end regions 64 of the guide to 
focus the coolmg in those regions, and relatively wide spaced at the central region 66, 
providing relatively less cooling in the central region. 

It will be appreciated that the invention can therefore provide the probe designer 

10 v^th great flexibility and versatility for a given design of probe. Different iceball 
positions, sizes and shapes can be generated from the same basic probe design simply by 
fitting tortuous guides (for example helical guides) at one or more desired positions 
within the probe. This can provide for very economical manufacture of a wide variety of 
probes, and also enable probes to be produced for custom requirements very quickly and 

1 5 easily. 

Figure 8 illustrates an alternative form of helical guide 40. The guide 40 is 
formed as an integral, rigid unit 70 having a tubular core 72 from which projects a helical 
fin 74. The unit 70 can be slid on to the inner conduit 22 with an interference fit, or be 
welded in position. 

20 Although the helical insert or helical wire constructions of guide 40 are presently 

preferred, other constructions are also envisaged. For example, refening to Fig. 3, the 
guide could be formed integrally as a helical fin 44 on the outer surface of the inner 
conduit 22. Alternatively, referring to Fig. 4, the guide could be formed integrally as a 
helical rib 46 on the inner sur&ce of the outer conduit 24. 

25 Generally, it is preferred that the guide is hi intimate contact with at least one of 

the conduits, and more preferably, with the outer conduit in particular (to provide 
optimum thermal contact with the tip region to be cooled). If the mtegrally formed guides 
of Figs. 3 and 4 are used, then the probe tip would preferably be manufactured to quite 
tight tolerances, in order to ensure that there is no (or only a very small) gap between the 

30 guide 44 or 46, and the confronting surface of the opposite conduit. Any gap might tend 
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to reduce the effectiveness of the guide, since cryogenic liquid may be able to leak around 
the guide, and take a more direct (less tortuous) path to the probe tip. 

In the above arrangements, the probe is of a type in which the outer passage 28 is 
for the cryogen inlet, and the inner passage 26 is for the cryogen exhaust. In an 
5 alternative arrangement illustrated m Fig. 5, the roles of the imier passage 26 and the 
outer passage 28 are reversed. In Fig. 5, the same reference numerals are used where 
appropriate, and the numerals are suffixed to denote modifications, as explained below. 

The transfer chamber 30* is modified to receive the inner conduit 22. The 
construction of the transfer chamber 30' is very similar to that described in the 
10 abovementioned GB patent publications. The exhaust port 20' communicates directly 
with the outer passage 28. 

The guide 40 remains in the space between the inner conduit 22 and the outer 
conduit 24, such that the guide is now at the entry to the exhaust path. Nevertheless, the 
guide still functions in the same way as described above, to pro-long the time in which 
1 5 the cryogen is at, or adjacent to, the tip region and to increase the thermal coupling 
between the cryogenic fluid and the tip region of the probe. 

The above embodiments employ a helical guide for defining a helical flow path 
for the cryogen. It will be appreciated that, in other embodiments, alternative tortuous 
flow paths may be used instead. For example. Fig. 9 illustrates an arrangement of baffles 
20 50 and 52 to provide a tortuous path in place of the guide 40. Altemate bafOes 50 and 52 
project from the upper and lower surfaces, respectively, of the inner conduit 24 to define 

i 

a sinusoidal-type path. Other tortuous path arrangements may be used as desired. 

Although the embodiments illustrated use a single tortuous charmel (for example, 
only one path through the helical shape), it will be appreciated that other embodiments 
25 may employ two or more channels (in parallel) as desired. For example, a multi-start 
helix shape may be used having multiple paths in a manner similar to a multi-start screw 
thread. 

It will be appreciated that the invention, particularly as described in the preferred 
embodiments, can provide excellent thermal coupling at the cooling region, with the 
30 cryogenic fluid. 
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It will be appreciated that the above description is merely illustrative of preferred 
embodiments of the invention, and that many modifications may be made within the 
scope and/or principles of the invention. Although features believed to be of importance 
have been identified in the appended claims, the Applicant claims protection for any 
novel feature or idea described herein and/or illustrated in the drawings, whether or not 
emphasis has been placed thereon. 
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CLAIMS 

1. Cryosurgical apparatus comprising a cooling region which, in use, is cooled by 
vaporization of cryogen liquid, the apparatus comprising means located at, or adjacent to, 

5 the cooling region for defining a tortuous flow path for cryogen fluid through, or around 
said means. 

2. Apparatus according to claim I, wherein the tortuous path is predetermined or is 
predeterminable. 

10 

3. Apparatus according to claim 1 or 2, wherein there are a number of tortuous paths, 
said number being not greater than about 20. 

4. Apparatus according to claim 1, 2 or 3, wherein said means is in intimate contact 
1 5 with an external wall portion of the apparatus at, or adjacent to, the cooling region. 

5. Apparatus according to claim 1, 2, 3 or 4^ wherem said means is located at the 
point of entry of a cryogen inlet passage to a liquid vaporization region of said apparatus. 

20 6. Apparatus according to claim 1, 2, 3 or 4 wherein said means is located at the 
entry of a cryogenic fluid exhaust path leading from a liquid vaporization region of said 
apparatus. 

7. Apparatus according to any preceding claim, wherein said means defining the 
25 tortuous path is made at least partly of heat conductive material. 

8. Apparatus according to any preceding claim, wherem the tortuous path is 
generally helical. 
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9. Cryosurgical apparatus comprising a cooling region which, in use, is cooled by 
vaporization of liquid cryogen, and means located at, or adjacent to, the cooling region 
and defining a generally helical cryogen flow path. 

5 10. Apparatus according to claim 8 or 9, wherein the means defining the helical path 
comprises a strip or fin having a helical configuration around a central carrier. 

11. Apparatus according to claim 10, wherein the central carrier is a first of a plurality 
of conduits, the strip or fin being received between two concentric conduits to define a 

1 0 helical path therebetween. 

12. Apparatus according to claim 1 0 or 1 1 , wherein the strip is a wire. 

13. Apparatus according to any preceding claim , wherein, in use, the tortuous path 
1 5 results in the creation of a non-circular iceball shape. 

14. Apparatus according to claim 13, wherein the iceball does not extend beyond a 
predetermined extremity of the apparatus. 

20 IS. Apparatus according to claim 13 or 14, wherein the iceball shape includes a 
region which is concave or generally non-convex. 

16. Apparatus according to claim 13, 14 or IS, wherein the iceball shape includes a 
waist. 

25 

17. Apparatus according to any preceding claim, wherein the apparatus comprises a 
cryosurgical probe, and the cooling region is located on the probe, 

18. Apparatus according to claim 17, wherein the cooling region is located at, or 
30 adjacent to, the tip of the probe. 
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19. A cryosurgical probe comprising a probe tip, a boiling region at or adjacent to the 
probe tip for generating cooling by vaporization of liquid ciyogen supplied through the 
tip, and means located at or adjacent to the tip for defming a non-axial flow path, the flow 
path having a path length greater than the axial length of said means. 
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